A simple and rapid colorimetric method for the measurement of the freshness of fish meat was developed using a nucleoside oxidase-catalyzed oxidative coupling reaction. Fish freshness can be expressed by the Kx value according to the following equation1K
To measure the Kx value, hypoxanthine (Hx) and inosine-5'-monophosphate (IMP) were converted to inosine (HxR) by nucleoside phosphorylase and alkaline phosphatase, respectively, and then HxR was oxidized by nucleoside oxidase in the presence of Af-ethyl-7V-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline sodium salt (DAOS)and 4-aminoantipyrine. The amount of colored substance formed was proportional to the amountsof these compounds.Oneassay was completedwithin 10minand good comparative results were obtained between the A , value from the proposed method and from the HPLCmethod. A method for measuring HxR, Hx, and IMP ratios was also developed.
Fish freshness is a very important aspect of fish quality. Objective estimation of freshness is required in fish markets and food industries for manufacture of high quality products. Indicators of fish freshness, such as volatile acids,2) amines,3) ammonia,4) catalase activity5* and pH6) have been proposed. Saito et aL, 1] introduced the "K value" as an indicator of fish freshness: the l value is defined as the rate of the sum ofHxR and Hx to that ofATP and its breakdown products. Preparation of TCAextracts offish meats. The fish meat samples (about 2.5g) were homogenized in 5ml of 10% trichloroacetic acid (TCA) and then centrifuged at 10,000 x g for 10min. The supernatants were neutralized with 0.44m sodium carbonate and made up to 40ml.
Assay procedure for Kxvalue. A typical reaction medium contained ribose-1-phosphate, 4-aminoantipyrine, DAOS, HEPES buffer, pH 7.5, and the three enzymes abovementioned. In addition, the reaction system contained Mg2+ as the activator of alkaline phosphatase. To measure the Kx value, 2.86ml ofa working solution (Table I) , 5/il of nucleoside phosphorylase (20unit/ml) and 100//I of sample were mixed, and the absorbance at 593nmwas Ribose-1 -phosphate adjusted to 0. The reaction was started by the addition of 20/d of nucleoside oxidase (27 unit/ml). After incubation for 5min, the absorbance (A^) was measured, then 15//1 of alkaline phosphatase was added to the reaction mixture. After incubation for 5min, the absorbance (A2s) was measured. Water was substituted for a sample in a blank test, and Axb and A2bwere measured in the same manner. K1 was calculated by the following formula: Kx = 100 x 2M5(A1s-A1b)/3.000(A2s-A2b).
HPLC analysis ofK1 value. IMP, HxR and Hx in the sample were also analyzed using an HPLC instrument (Tri Rotor II, Japan Spectroscopic Co.), equipped with a Model UVIDEC100-IV UV spectrophotometer.
The samples were chromatographed on a column of Cosmocil C18 (Nacalai Tesque Co.) under the following conditions: solvent; 10mM KH2PO4-methanol (88:3); flow rate, l.Oml/min; and detection, UV at 254nm. The chromatograms were recorded on an integrator (Shimadzu Co., C-R3A), and IMP, HxR and Hx were measured from their peak areas using calibration curves.
Assay for the measurement ofHxR, Hx and IMP ratios.
To measure HxR, Hx and IMP ratios, assay procedure was modified as follows:
The working solution (2.86ml) and 100/A of sample wereput into a reaction cuvette, and the absorbance at 593 nm was adjusted to 0. The reaction was started by the addition of 20jA of nucleoside oxidase (27 unit/ml). After incubation for 5 min, the absorbance (E^) was measured and 5/il of nucleoside phosphorylase was added to the reaction mixture. After subsequent incubation for 5 min, the absorbance (E2s) was measured. Furthermore, 15 /il of alkaline phosphatase was added to the reaction mixture, and after 5min, the absorbance (E3s) was measured. For the reagent blank, water was substituted for a sample, and the absorbances Exb, E2b and E3b were measured in the same manner. HxR, Hx and IMP ratios were calculated by following formulas:
HxR ratio = 100 x 2.980(E1j-£1&)/3.00CE3j-JE3Z>) WhenHxRwas used as a substrate, the maximal activity of nucleoside oxidase was observed from pH 5-6, and about 60%of the maximal velocity was found at pH 7.5.15) Nucleoside phosphorylase from calf spleen shows a maximal activity from pH 6.5-8.0.16) Alkaline phosphatase from calf intestine shows 2829 a maximal activity from pH 9.5-10, using IMP as the substrate, about 60%of the maximum rate was obtained in HEPESbuffer, pH 7.5. Therefore, HEPES buffer, pH 7.5, was selected as an assay medium.
The optimal concentration of nucleoside oxidase, nucleoside phosphorylase and alkaline phosphatase were checked in the proposed method. As shown in Fig. 1A , only 2min of incubation was needed to measure the increase in absorbance at 593nmwhen0.54 or more unit of nucleoside oxidase were used. To assay for Hx concentration, only 3 min of incubation was needed when 0. 1 or more unit ofnucleoside phosphorylase and 0.54unit of nucleoside oxidase were used (Fig. IB) . The increase in absorbance approached maximumafter 3 min when 75 or more units of alkaline phosphatase and 0.54 unit of nucleoside oxidase were used (Fig.  1C) . From these results, incubation periods and enzyme concentrations of the standard assay mixture were decided as described in Materials and Methods. and the amounts of quinoneimine dye formed in the reactions were stoichiometric with the amounts of these three compounds (Fig. 2) .
Evaluation of the assay method The validity of this assay method was tested by measuring the K± value of extracts from Yellowtail (Seriola quinqueradiata). The assay was done using two sample extracts. (Fig. 3) . The results of a linear regression analysis showed a correlation coefficient of 0.998, with a slope of 1.03 and an intercept of 1.3. The proposed method requires no tedious treatments and expensive instruments, and it takes only lOmin per sample. Furthermore, this method showed a low variation and excellent correlation with the reference method. Therefore, TCAextracts were used as the samples on this study. The contamination of catalase in the enzyme preparations used interfere with the measurement ofKx or lvalue 
Hx ratio (%)= 100 x Hx/(IMP+HxR+Hx)
IMP ratio (%)= 100xIMP/(IMP+HxR+Hx)
For measuring HxR, Hx, and IMP ratios, the assay procedure was modified as described in Materials and Methods. The modified method was used to estimate these indicators in young yellowtail stored at 18°C for 0 to 67hr. As shown in Fig. 4 , The IMP ratio rapidly decreased. The HxRratio increased sharply in the early stage and decreased in the later stage. The Hx ratio increased more rapidly in the later than in the early stage.
